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(54) Title: FLUORESCENT SUBSTANCE, PROCESS FOR PRODUCING THE SAME, WAVELENGTH CONVERTER, FLU- 
ORESCENT DEVICE, AND ILLUMINATOR 

(57) Abstract: [PROBLEMS] To provide 
a fluorescent substance which emits a 
red fluorescence and has a high quantum 
efficiency, a process for producing the 
fluorescent substance, a wavelength converter, 
a fluorescent device, and an illuminator. 



[MEANS FOR SOLVING PROBLEMS] The 
fluorescent substance contains M (M is: 
barium; barium and strontium; or barium and 
calcium), europium, magnesium, manganese, 
and silicon as essential components. The 
amount of the europium is 0. 14 mol or smaller 
per mol of the silicon, and the amount of the 
manganese is 0.07 mol or smaller per mol of the 
silicon. The main crystals are a solid solution 
of europium and manganese in M 3 MgSi 2 O s . 
When X-ray diffraction intensities for the 
M 3 MgSi 2 0 8 crystals, M 2 MgSi 2 0 7 crystals, 
M 2 Si0 4 crystals, and M MgSi0 4 crystals are 
expressed by A, B, C, and D, respectively, then 
B/(A+B+C+D) is 0.1 or less, C/(A+B+C+D) is 
0.1 or less, and D/(A+B+C+D) is 0.26 or less. 
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tlt^tt^o Si 1 ^E;UC*f-r h E u <D=E)Vltt^O . 1 4J^Ttfc L J, Si 1 =E)\, iZ fcff & M n CO 



M 1 (M 1 (iBa, f fcliBa^S r, $>£lM£Ba£Ca) 
LtSt-rSc Si 1 ^E;UC*f-T £ E u (D^EvfUhbTb^O . 1 4£lT-efc l J . S 

;uib*<o . o 7 j*iT-e&£ 0 ±$SS)b* e u % m n ^m : M LfcM 1 3 M g s i 2 o 8 -efc y , m\m g s i 2 o 8iraB i, 

M 1 2 MgS i 2 0 7 fNi* M 1 2 S i 0 4 fSSfeJ:{/M 1 MgS i 0 4 fiACD X «IIItfT3tffi^**i^+L A , B. Cfc^tf 
DtLfcit^v B/ (A + B + C + D) rt<0. 1 C/ (A + B + C + D) 7b< 0 . 1 J*IT, (A + B + 

C+D) rt<0. 2 6JJlTtfc?>o 
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KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, 
SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC, VN, ZA, ZM, ZW. 

(84) t^mm^^i^j. ±x<DMm<Dfcm&mtf^ 

#£): ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 
SL, SZ, TZ, UG, ZM, ZW), J.-7V7 (AM, AZ, BY, 



KG, KZ, MD, RU, TJ, TM), 3 — P V (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 
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[oooi] *mwn. m^xn^im^miuL, s^e^m^^sm^^tpe 

<DWMs *3J:t>XED (Light Emitting Diode :^§^V^— K) t£¥ (D^RM^f-fr 

[0002] ^mmm^h^mytm^-(&LT^E.r>^y-^ithmo)n, ^m-cmtimw 

[0003] LED^y^fi, LEDfy^^O- BBSr^ftflc-CSES^lSIU S«£Mm$tL 
fc^^S^^toV^LEDtD^^^bT^m-r^r^^J;^, LEDcD^fiM 

[0004] £<E>J:5ft383te^1&£L.Tf^ Miff, #feLED^^bh^(Y, Gd) (Al, Ga) O 

3 5 1 

2 

[0005] r<7)|S)fc^g-C«, LED^^^^^-f-5^^^fe^^com^^(-^lt^tt5i 
[0006] r<Dj;5^ilM^f^^S/ci6(-, LED^-y^bT400nmblT<Db— ^ 
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[0007] L^L&a*^ wwjcmu^mm^mytmmx^ mm^oonmn^m^mm 

[0008] r<Z)<fc5&>l£Sfc£He^ ^fe^3S3tei"S^3t^<?50B^Sd5fT^T^Ti3«9, 

Ba Eu Mn MgSi O <Di^^X>^K^mcm^^^^^1&JtVffr 

3 — x — y x y 2 8 

#W»l:#^2002-314142^fg 

^t^fFlfcSfcl : 2*^— -^/k-^^-^l/^hn^^7/I/-y-^-fm^ (Journal of Electroc 
hemical Society) , 1968^, P773-778 

[0009] U^L&^b, #N#f^l^li-fSii^tbTV^Ba Eu Mn MgSi O (Dit^xZ 

3 — x — y x y 2 8 

[0010] ^:^l3^^^(i N ##frbC#U<DBa Eu Mn MgSi O <Dfc^&V&£tl£M 

3 — x — y x y 2 8 

#frbC#U»Ba Eu Mn MgSi O <Dfc¥7£ l X^£tlZ>&&&M$k%:ifc<Dm. 

3 — x — y x y 2 8 

[ooii] Wfa^k. #rcte&v\ m^^^fei^^b^v^^cmffi)^ 

h1»5^> Ba MgSi O ffeMi. BaMgSiO |g^*5j;OTa SiO &NlJi, fc&£Xft<D 

2 2 7 4 2 4 

[0012] ^mmn, *fe©t^t5t^i$»iiv^)fe^j;^©»p)tFii 



WO 2008/078711 



3 



PCT/JP2007/074739 



t£>fb Ba, Eu, Mn, Mg, Si^a ^P^S (Ba Eu Mn MgSi O (Dfc^&VM 

3 — x— y x y 2 8 

^tLS) ^Sfc&^^btftfc&V ^Cf3, ®^J(DMnfiBa^h(7)— §P^mm^5<^# 

<D^#:(DMng&lMMiBalEYrai&<, MglMKCfcSi^, 

EXAFS (Extended X-ray Absorption Fine Structure X^M%iMNM 

[0014] o^Ba Eu Mn MgSi O <Dfc^&^n&fc^-Bfifafflj&\Z.tS:Z><D~e^ Ba M 

3— x— y x y 2 8 2 

gSi O ^dl, Ba SiO Md, BaMgSiO Jj£,||35#f tfJL^C **<D g ftj-CfSftV ^ 

2 7 2 4 4 

3 — x — y 

Mn MgSi o xmi-r^m, mm-r^t^mmxm, ^i^myt-r^mytw- 

x y 2 8 

[0015] ^^(D^^^fi, M 1 (M 1 f±Ba > ^fcfiBa^Sr, 3b5l MiBaiCa) , Eu, Mg, 

Mn^o^t/Si^^j^^-^LT^^Tb, jtufSSi l^/W-^i-SitusEEucD^/Wb^O 
. 14b(,T, SufESi l^/K^*fi-5BufBMn(D^/H;k^o. 07^T~e£>3^^-, ± 
|^ E i i ^Eu*5j:tJ«Mn^'a-^--t-5M 1 MgSi O ^(H^fe^ f^M 1 MgSi O &MI<D2 

3 2 8 3 2 8 

0 =31. 5° —33° -C^tf^^b— ^<DX^[ElJff?M^A^b, M 1 MgSi O 

2 2 7 

1^2 6 =27. 7° —29. 2° T^ft^frSlf'—^X^IIlW^g&B^U M 1 SiO 

2 

^fH(D2 0 =29. 2° —30. 8° T^ttic?tL5Lt°^^(7) M^M 

4 

gSiO^tl(D2 0 =28. 0° ~29. 4° XWitti^th5t°—?(DXmm$t^)^&UtL 

4 

7c£^\ B/(A+B + C + D)^o. 1J^T> C/ / (A+B + C + D)t)S0. mT,D/(A 
+ B + C + D)^o. 26^T-efcS^^#^-r5 0 

[0016] ^/b, &$&m<D$kytifcn. d/(a+b+c+d)#so. 04^i^fe5r<^#ii^-r 

So 

[0017] ^^^(D^^f^fi, M 1 Eu Mg Mn Si O <7)fb^lM ({Bb, a«0< 

3 — a a 1 — b b c 8 

a^O. 264, bttCKb^O. 132, cfil. 905^c^2. 025^J&-f5j|I-e$?5) 
[0018] f;7b, ^^^O^tlTO, tutaM 1 MgSi O ^HH&T-^^M'MgSiO ^HM 1 

3 2 8 4 
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[0019] *fK©f)tfr©lftiis M 1 Eu Mg Mn Si O <Z)fl^jffiJ& (ffiU attO< 

3 — a a 1— b b c 8 

a^O. 264, bJ30<b^0. 132 N cfil. 905^c^2. 025£^Mi"5'fi£"C#>5)3r ; lf 

[0020] «^<«e«^«, ^^^^*b^5^(D^g«mLT, t^s^^m^ 

^^^•^tLTV^r^^#m^i-5 0 Hv^m^n«\ st^m^m, 3feM^b3git: 
[0021] ^s^^^gfi, ^E^^^^T-^^g^^ftggp^-rs^^f-S^ 

mt^Mm^x^-t^mmt-r^ m^jfeuxr^ ^^tii, t« 
[0022] *mm<Dmmmwn, ^tm^mm^m^mrnhx^-t^wmt-r^o 

[0023] ^^^(D-gytfoM, M^M'llBa, ^fcfiBatSr, 3b5l MiBa^Ca) , Eu, M g> 

Mn&J^Si^^^tLT'a-WU MfBSi l^/W^><t^5fiifBEu(D^/U.tfc^0 
. 14i^T\ fufBSi l^/K^^-rSffjfBMnCO^/^b^O. 07J^T~C$?5<^\M-, ^ 
ISHB^Eu^o^t^Mn^^-rSHI^LfcM 1 MgSi O ^mXfoV, flM 1 MgSi O 

3 "" 2 8 3 2 8 

Jj£iH<D2 0 =31. 5° -33° -C^m^^St 0 — ^(DX^IHJff^^A^L, M 1 MgS 

2 

i O Sh b 0 ©2 6 =27. 7° -29. 2° ^tti^^St 9 — ^^X^HJ^S^BtL, M 

2 7 

1 SiO ^i©2 0 =29. 2° ~30. 8° -e^tti$tL5t: 0 — ?<DXMm$T ffiM&Cbl, 

2 4 

, M'MgSiO *£tH<£>2 0 =28. 0° ~29. 4° -e^tti^^t 0 — ^(DX$|0#T^£: 

4 

D£L7U:^\ B/(A + B + C + D)^0. 1JE*~F\ C/(A+B + C + D)^0. 1J^T\ D 
/(A + B + C + D)/3So. 26£lTX$b&fcib s M 1 MgSi O M 1 SiO IS B B H> M 
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4 

[0024] ^/c, ^zsw^gkytfon^ d/(a+b+c+d)^o. 04j^_t£-r5r^j;<9, 

IfeUxfif, ^bbh^M 1 MgSi O ^fUCQfteM'MgSiO ^ H a e ^Hff^S^_htff tti^ 

3 2 8 4 

^S^^J:^, M'MgSiO ^ 0 B 0 ^^^L^V^^J:^fe#fe(Dfl:^^^-t 

4 

T^5o M'MgSiO ^B^^Jfmb^V^^^fe^fe^ftT-^I^^] _h"C#5 

4 

4 

fcfci, M'MgSiO -CMb/c^^^^^tDM 1 MgSi O $p ^ {^jf ^ 

4 3 2 8 

[0025] ££>fc % ^IS^CO^^^fi, M 1 Eu Mg Mn Si O (Dfb^M ({B.U a{lO< 

3— a a 1— b b c 8 

a^O. 264,b«0<b^0. 132, cfil. 905^c^2. 025^^-^5111^5) 
[0026] £7^ ^K^ftffcfi, ftjfEM 1 MgSi O f^^^L^iZ.^ M'MgSiO 

3 2 8 4 

Sio -eeSUXLTc^^^^fUfDM 1 MgSi o ^(H^+^f-^/^— te^ttzzk 

4 3 2 8 

[0027] ^^KO^^^CO^^f*, M 1 Eu Mg Mn Si O 0>f|^$Bj£ ({&U afiO< 

3 — a a 1 — b b c 8 

a^O. 264, b«0<b^0. 132, cttl. 905^c^2. 025£StMi~5 > |g"Cfc5)&'^f 

tt}»-T5^^^-e^ N B/(A+B + C + D)#So. l^T, C/(A + B + C 

+ D)flS0. US^Tx D/ / (A+B + C + D)^o. 04—0. 26£^BfcfM#?i* ; 5-£# s, T? 

[0028] *mm<Dm.n^m$*te, ytMfrhm^bti&yt^m.M&^^x, 
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[0029] *$&w<Dmytmwn, %tm^ytm^i&m£foz>mwM&^-i-z>tbhKnu 



[oo3o] ^m<DMmmwn, -tmmytmm^mMm^x^t^ , ^fetfe^-t-e^ 

^) o 

[0031] ^Hffi^ts^^^^fl^ M^M'flBa, ^/cfiBa^Sr, fe5V MiBa^Ca) , Eu, M 
g, Mn&£XfSi&&Mf&ftblsX^^%mytfoX3bZ)o ^EX, Si l^MZ.M°i~ 

[0032] ^Hffi?^M(D^5tf*{i> #!Jx.f3\ M 1 Eu Mg Mn Si O (Dft^lfi/jfe ({EE, a 

3 a a 1 — b b c 8 

fiO<a:SO. 264, b(3:0<b:SO. 132, cttl. 905^c^2. 025^r^J£-f"5'fit'T?fe 
[0033] EuGO^e/Wfcafi, M 1 Eu Mg Mn Si O 4 I "C0< a^O. 264£r$&fciMJ;V \ 

3 — a a 1— b b c 8 

Sffir^fcSo TPS^LTttO. 06^a^)W^LV\ afi, 0. l^a^O. 2<Z>$5 

ffl^£>5~£^M3;El\ 
[0034] MnWWb!lO<b^O. 132^7^^ J;V \ E^E^|*I;WM(D^^#:Mj 
m%M(DmM^^1-Xm&LfcKu + (D^7^—^Mn + lC^mi,, Mn 2+ ^*^ 
)tETV^(D^#;i^;txTV^/c#), Mn(D|M^J:t9^/^— &W}<DUl&&m 
ft£> 0 f WiSil ^fewlT- 0. Ol^b^O. l-CfeSr^^^L 

V\ bfi, 0. 075^b^0. l&mBL-t&Z-b&M^^^o 

[0035] tfc, cil, 1. 905^c^2. 025^M&~ttH^. <£l \ 



WO 2008/078711 



7 



PCT/JP2007/074739 



[0036] igjftifcn. M 1 Eu MgMn Si O <Z>ffc^aj$ ({&U xfiCXx^O. 2 N yfi 

3 — x— y x y z 8 

0<y^O. l.zfil. 905^z^2. 025SrSfJE:i-S'fli[*CfcS)"e^$ttSii^fefcSo 
[0037] ^rLT, ^H^^HTIL ^^^Eu^J^Mn^a-^rr^M 1 MgSi O ^tUT 

3 2 8 

IIM 1 MgSi O I5p b 0 ©2 0 =31. 5° -33° T^Oj^St 0 — ^<DXHi[I]#r^ 

3 ~ 2 8 

J^A^U M 1 MgSi O %£M*<D2 0 =27. 7° —29. 2° -CtfetJU^ftSfc*— ^©X 

2 ~' 2 7 

j&jHH#f3&a£B£U M 1 SiO |^h b b©2 e = 29. 2° -30.8° ^ 

2 4 

<£>Xj|§l|H]#r3ftg£:C£U M'MgSiO ^tf H (D2 6 =28. 0° ~29. 4° X'&mZtlZ 

4 

tf— ^<DX#JI[h]#t3£J»D^L/c<^ B/(A+B + C + D)^0. 1^T> C/(A + B 
+ C + D)^0. 1J^T> D/(A+B + C + D)^0. 26£XTX&%^b&M^X&% 0 
[0038] *HJfe^l!l<D^3tflCfi, EufcitfMn^tftSM 1 MgSi O %£M>&tttZ>1fe 

3 2 8 

<DX3bZ> 0 j^M1MMWiK$5\^X\^ A/(A + B + C + D)/^0. 5«£9t>;*: 

[0039] r<D«t5^B/(A+B + C + D)^So. lJE*T"Cfc*K C/(A+B + C + D) ^0. 

T^-^SM 1 MgSi o ^H e B^^»£f:feM^P^-e^\ ^fe^fiHSaW 

3 2 8 

[0040] — ^ B/(A + B + C + D) N C/(A + B + C + D)^o. 1^0h^<, D/(A+B 
+ C + D)^o. 26<Wfe^Vx|§^{^ #fe<D&^Wi&<ft5 0 B/(A 
+ B + C + D)^o. 0709J^T'Cfe 1 9s C / / (A+B + C + D)^o. 0336gAT*Cfc5- 
£#SM£LV\, M 1 MgSi O ^fH, M 1 SiO ^^roV^Ttt^K^^#^L^V^^ 

2 2 7 2 4 

[0041] M'MgSiO Jjg^^oV^Tfi, 0. 04^D/(A+B + C + D) ^0. 263rSSfJ5Li"5£. 

4 

£fc<fc»^ M 1 MgSi O ^ B B 0 i^^^^S^^/cttD/(A + B + C + D)^o. 04J; 

3 2 8 

<9Vh£Vvfc§^g;i9^ *PoT*feW*-?3ll^|B]_h-C^So D/(A+B + C + D)(D 
jgfi, #^feOfiT-^I^fB]_L-rS^V^^^, 0. 08~0. 25X&%^b$m~£ 
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[0042] ^mM^m^yti^a^ l^lfc^HM:?^ Eu, Mn^ftSM 1 MgSi O ffi 

3^28 

4 

, M 1 MgSi o ^fTa, M 1 SiO fi£Mi&£.ffc1rZ>z.bffi&Z>it)K -LfBLfcJ:?^ M 1 M 

2 2 7 2 4 2 

gSi O ^h b 0 , M 1 SiO ^i-oV^tt|IKWi-#i4Ufel^)\ ^J&ft^ftV^ 

"2 7 2 4 

aSM£LV\ ^> M'MgSiO l5 H B pS^Jf ^^^^^(D^xias 

4 

[0043] ^HW^M0^7tf*{i> |2l2^i-J:9l-> M 1 MgSi O ^iH^T-^t-M'MgSi 

3 2 8 

4 

SiO -CMLfc^M 1 MgSi O ffiM}fc-tftl^*^~fc^T-Z>^b&X% s * 

4 3 2 8 

[0044] M^LTfiBa, £fcfiBa£Si\ fcSl^Ba^aOft^^b^^&l^ Ba^ 
[0045] M^SBaOt^^fi, Eufc it^Mn^^f^SM 1 MgSi O Ji, 2 0 =31. 5° ~3 

3 2 8 

2° -C^ffi^Stf— ^fDX^tUjff^^A^U M 1 MgSi O ^^<D2 6 =27. 7 

2 2 7 

° ~28. 2° -e^ffi^St 0 — 7(DX,f|0#T^^B^U M 1 SiO t£Mi(D2 6 =29 

2 4 

. 2° ~29. 8° "Ct^tii^tbSt 9 — ?<DX&LW\$T&i&&Cbls. M'MgSiO *£iH<D2 d 

4 

= 28. 0° ~28. 4° T^W£ft5^~ ^<DX^|I]^S£D£-f-5o 
[0046] ^LT, M^SBa^ Sr£fcf3Ca£^^:fr^fc&<^&5$&£\ _hffit° — ^(D^ 

3 

Si O ^ H B 0fi2 6 =32. 0° ~33° T\ M 1 MgSi O jj$iH{3:2 d =28. 2° ~29. 2 

2 8 2 ~ 2 7 

° -C\ M 1 SiO £nffa«:2 6 =29. 7° ~30. 8° , M x MgSiO |£[Hjte2 0 =28. 7° 

2 4 4 

-29. 4° -ctfcHteatSo 

[0047] ^mfe^M^^^f*}*, Ba, Si\ Ca, Mg, Eu N Mnjo^I^SicDTC*?^^^^^, 

Tta^(A)x«(B)(D^sj^j;i9Mb7t^^^ML, Wjtmmux 
ny&su m&u m^^txm^ ^tu d ^50 ^ m^T^fr^^fta^ft 

90 

90 

|f90%(D^^i#^V^o 
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[0048] (A) ;/^l/^r— ^/K n— /u^/u^ ^—/u^/u^fc^^yh^/^co^^f^m^^ 

[0049] (b) : 7Km^jJu^x^v-^mxnmmvtmx\ D#Kaw^L, mm&m, 

[0050] m^, m^M<OTtm^m^^xn. 'j>&<Dfc-&®& 

[0051] M^&^LTfi, T/^^^7cfi^^(Di#^^7ctthW^(^ffif^§ff^T\ 



[0052] IWftiLTii7;^t^(«^l©TOIfcl±fKfoBI^^-I:\ 
1000°C~1300°C-C\ Sfcilf * 2kH^ 'Mm^m&^m^T, 1~24B#P^ 2mfl&i"5~ 

[0053] ^Pf^nir^^(Dff ^^^M^fflTl!y-r5/c*^, W^n$& 

[0054] 0. 04^D/(A+B+C + D) ^0. 26£r^J&£^5^f^ %kytW-<D : B.f&.$:WMir 

d/(a+b+c+d) ^o. 26&ffiJ£i-5£5fcfffl1ip-C£5o 

[0055] HIS, ol^c^ataSom^^^rfi, 950°C^M^M^1250°C, 115 

I§2t@cDBaMgSiO *§^dS#*icl*lf WL, life^-r5^-C^<D 



t-^^^{£t$^5o ummM&i&irgz>m&. H2t@<DBaMgSio 



^ifmft^/>^<^i9^ ^/^-{5^/>^< N i^$^±»vJn$^ 0 

[0056] *HIiI©IffM> $^(^^S^^^SLfcB3tSm^, HI 
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o 



[0057] ^5^mtffl9tt, Mx.«\ MK^by^^t-^ ^g^430nm^)^490nm(D^^; 

^t5f3tft (Hl^rf ) , &S^520nm^fe570nmcD^ (life) ^ 



o 



[0058] Wfe<H§i-5^3fcfrfi, ^S^oonmSu^^^^Js&^^ns*^^ 

^ s ri5V^^^^5o — ^ ftfe^^S^f*^ ffJx.tt\ $cS^400nm^46 



o 



[0059] ^CO^S»^19^V^T, ^fe^-r^m^^^LT, *IW»S*ftl: 

[ooeo] ^ft^m^i9^, t^^^-^^tfciML, ^^%W(D%mit^m 
[oo6i] m^mmmn, mmm-m&n^h(Dxn^< , ^^>mm, v-y 



WO 2008/078711 1 1 PCT/JP2007/074739 

[0062] Jfv^ttf-m, i/V%, f-f—T* ^^7, £hfc^tih(D^^iyh%k$:M^<X 

[oo63] m^mmmw^ ^^^^m^^^m^t^M^mmm^m^^ 

[0064] ^bL/c«^m§5i9», ^^^ll-e^V^^- ^^firSfc&teffli-s 

[oo65] mmi3^m^-r^mm~i. m^m^-i7^mum^mmx-^fc^(DmmmtLx 
frixmui5<D\Hm^BLwm&thz> 0 
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[0066] 



[0067] 



[0068] 



^mt$ (GaN^) mm* <D^mw^mf^t^x^^, m3m.m^±.m&m 



a 



o 



C, Si, ZnO, ZrB N GaN^fW^^^W^Jifi^fflV ^^5 0 

2 

WW21©|t^LTf4 > $J ^TA^^-M Al) , ^^/KNi) , |g(Ag) , ^nA 
(Cr) , (Ti) , is) (Cu) x & (Au) , m (Fe) tfclimbWiiiitft^^ 

[0070] ^HW^JO^^Sfitt, IH3^i-J:5{-> ^ft^m^l9^3 1 6^T-17_h^ 



h"Smx3bZ) 



o 



[0071] *mmmm<Dmwmun. ms^-r^^m^mm^, mtu-t. ^m\m.WM 
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[0072] j^t\ IlitM^WttsmW T^K^^flc&^S^lfeS^bT/lJ:^ 

^JS^d l 

[0073] ^m^wa*^ mit^^^y^^n^ mm^h^^^n^ fimxjwz 
[0074] ^(D%k. i2%(D7^m^^m.m^^yi2bo°cxQm^Mm^^t\z.^)m^ 

90 

[0075] ft33 % »o. 16^*5V^Tfi, M 1 ^/^^, ^SI^hn^»>A:^ife^y^A 
= 0. 15:0. 85£U ^Mifi(Ba, Sr) MgSi O "efc«9, MtS(i(Ba, Sr) SiO ~C 

3 2 8 2 4 

fc^MiNo. 17^*5V^Tf*. M'^/UtT, ^^/^ r >A:^^/^yr>A = 0. 1 
5:0. 85^U ^*p[l(i(Ba, Ca) MgSi O „ Mffifi(Ba, Ca) SiO "Cfe5 0 

3 2 8 2 4 

[0076] ^fc^tWNo. 18^*5V^Ttt, ^-/WtT\ &WtM$&:Wt4k'??'*^& = 0. 15:0 
15:0. 85£Lfc 0 

[0077] t^^No. l~19(7)^^;#:tt, V^^S^^^^fflV^^f^Mbfc^tD-C 

[0078] ±^wxm^f^$ib^3t^wx3|ft|ii^9Jfe«^Tw^ft : 'rfi 1 o^ 0 -ttefr-h, 

7^^|afflcD[l]fif^^i^^ s A2 0 =0. 05° J^T^^i^£nfc(Cu-Ka)(D 
XM^^^^^^Xl^IllJffSgC^^^^^^ttMMAC M18XCE)2rfflV\ 
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. 05° &,T(D^mnmmmm ^n^m^n^xmmmm^mm^Tc 0 

[0079] ^LT, Eu, Mn^^lJ^bT^^^5^M 0 e 0^5Ba MgSi O (7)2 0 =31. 

3 " 2 8 

5° -32° X*ikm£tL&t°— ?(DX$$m$fffi8t&Ak^ Ba MgSi O ifei©2 9 = 

2 2 7 

27. 7° —28. 2° -C^m^tL5t°— ^COX^IU^M^BiL, Ba SiO ^H<D2 0 

2 4 

= 29. 2° —29. 8° -C^m^tL5t°— ?(DXm^}$fffiM&Cbls, BaMgSiO ffiMi 

4 

(D2 0 =28. 0° -28. 4° ^^^^5^°— ^(DX|^H]»S^D^L/c^^»A/ 
(A+B + C + D)£r4l^,i,cDfc:°~ ^iSft^L, B/(A+B + C + D)^Ba MgSi O 

2 2 

^(Dti 0 — ?3$mikkU C/(A + B + C + D)^Ba SiO ^(Dt: 0 — ^3&SJt£L 

7 2 4 

, D/(A+B + C + D)^BaMgSiO fe 0 0 (Z)t o - ^M£b£LT:g2^fHi£Lfc 0 

4 

No. 16, 17!^oV^T(L t°— ^/>Lr^W-#»rr5o 
[0080] Stf: % #^n^^^O*^^fi, B^^±M^^3t:^fhFP-6500 
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No. 




L . 1 

M 


a 


a/c 


b 


b/c 


c 




x/z 


V 




i 


1 


M\ aEUaMg^MribS^Og 


Ba 


0 2 


0.1 


0 050 


0 025 


2.000 


— 


— 


— 


— 


— 


2 


M , 3 . a Eu a Mg 1 _ b Mn b Si c O e 


8a 


0,2 


0.1 


0.075 


0038 


2000 








— 


— 


3 


M l 3 _ a Eu a Mg 1 _ b Mn b Si c 0 8 


Ba 


0.2 


0.1 


0.100 


0050 


2.000 


■■ 




— 


— 


— 


*4 




Ba 


0.2 


o.t 


0.150 


0.075 


2000 




— 


— 


— 


— 


*5 


M 1 3 _ a Eu a Mg v . b Mn b St c O B 


Ba 


0.2 


0.1 


0.200 


0.100 


2.000 


— 


I — 


— 


— 


— 


6 


Ba 3 _ x _ y Eu,MgMn y Si z 0 8 


— 


— 


— 


— 


— 


— 


0.2 


O.f 


0.050 


0.025 


2.000 


7 


Ba 3 _ )f _ y Eu )< MgMn y Si z 0 8 


— 


— 


— 


— 


— 


— 


0.2 


0.1 


0.075 


0038 


2.000 


8 


Ba 3 _ x _ y Eu x MgMn y Si £ 0 8 


— 


— 


— 


— 


— 


— 


02 


Of 


0 100 


0.050 


2.000 


*9 


Ba 3 _,_ y Eu x MgMn y Si 2 0 8 


— 


— 


— 


— 


— 


— 


0.2 


0.1 


0 150 


0075 


2.000 


*I0 


Ba 3 _ x _ y Eu x MgMn y Si 2 0 8 




— 


— 




— 




02 


0 1 


0 200 


0 100 


2.000 


I I 


M , 3 _ a Eu a Mg 1 _ b Mn b Si c O B 


Ba 


0.1 


0.049 


0.075 


0.037 


2.025 


— 


— 


— 


— 


— 


12 


M , 3 _ a Eu a Mg 1 _ b Mn b Si c 0 8 


Ba 


0.1 


0.049 


0.100 


0.049 


2.025 




— 


— 


— 


— 


*13 


M 1 3 _ a Eu a Mg 1 „ b Mn b Si c O B 


Ba 


0.1 


0.049 


0.150 


0.074 


2.025 


— 


— 


— 


— 


— 


14 


Ba 3 _ x _ y Eu x MgMn y Si z 0 8 














0.1 


0049 


0.075 


0.037 


2.025 


15 


Ba 3 „ x „ y Eu x MgMn y Si z O s 














0.1 


0.049 


0 100 


0.049 


2.025 


16 


M 1 3 .. a Eu a Mg 1 _ b Mn b Si c O a 


Ba.Sr 


0.1 


0.049 


0.075 


0.037 


2.025 












17 


M 1 3 _ a Eu a Mg 1 _ b Mn b Si c O a 


Ba t Ca 


0.1 


0.049 


0.075 


0.037 


2.025 












*t8 


^l 1 3 _ a Eu a (Mg ( Zn) 1 _ b Mn b Si c O 


Ba 


0.1 


0049 


0 075 


0037 


2025 












+ 19 


/l 1 3 _ a Eu a Mg 1 _ b Mn b (Si f Ge) c O 


Ba 


0 1 


0049 


0075 


0.037 


2.025 













* en co is n [ * * % m <r> m H ft t? £> * „ 
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No. 


A*a HH 

t^fvigc^ u 8 

/T\ l_L- 

cot — vtb 


Ba 2 MgSi 2 G 7 
<Z)t°— <?S£ 


BaMgSi0 4 


Ba ? Si0 4 
<7>tf— £J± 


% 


1 


0.9857 






0.0143 


26.9 


2 


0.9868 






0.0132 


30.59 


3 


i 0.9856 






0.0144 


27.49 


*4 


i 0.9913 




— 


0.0087 


14.37 


*5 


0.9907 


~ . J 




0.0093 


8.76 


6 


0.9852 




0.0148 




29 


— i 

7 


0.9335 




0.0665 




34.1 


8 


0.9179 




0.0821 




37 


■ »"Y 

*9 


0.8533 




0.1467 




24.9 


*10 


0.7926 




0.2074 




16.4 


1 1 


0.971 5 






0.0285 


32.2 


1 Z 


u.y /o j 






0.0247 


31.24 


*13 


0.9885 






0.0115 


24.53 


14 


0.8814 


0.0709 


0.0477 




34.73 


15 


0.8480 


0.0571 


0.0950 




36.73 


16 


0.9867 






0.0133 


33.73 


17 


0.9664 






0.0336 


30.3 


*18 


0.8637 






0.1363 


252 


*19 


0.7641 






0.2359 


9.43 



* e p sit *4 1 * w (d m m ft t? fe o 



[0082] |H4(a)^|^|4No. 2<DXjg£|H#r<ZV^— ^$r^i" 0 ilfc, E|4 (b) fct^^-No. 7<D 

*tft-e^LXV^ 0 ^l*[t]fi[l]$ff^'efc5o No. 7-C«2 0 =28. 0° —28. 4° -ct° 
— ^/»i§"C^ BaMgSiO ^||<D#TttW 5 *Sire^fc 0 

4 

[0083] No. 2~ettBa MgSi O ^fgu Ba SiO M^e, BaMgSiO M^t-S^^S 

2 2 7 2 4 4 

[0084] ^mmi^frZ>1&P[~?n, M 1 MgSi O T^tH, M 1 SiO ^eH3. M'MgSiO 

2 2 7 2 4 4 

[0085] D/(A+B + C + D)#S0. 04~0. 26Of£HrtC0f^^fl?« > 35% 

[0086] ^^/^y^A^fciWi'b^^^Ai)^, zi^b^*^, wtfc*.vvw 
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[^3] 



No. 




M 1 


a 


a/c 


b 


b/c 


c 




x/z 


y 


v/z 


z 


20 


M l 3 _ a Eu a Mg l _ b Mn b Si c 0 8 


Ba 


0 1 


0052 


0075 


0 039 


1 905 












21 


^- a Eu a Mg T _ b Mn b Si c 0 8 


Ba 


0.1 


0.052 


0.100 


0.052 


1 905 












22 


Ba 3 _ x _ y Eu x MgMn y Si z 0 8 














0.1 


0.052 


0.075 


0039 


1 905 


23 


Ba 3 _ x _ y Eu x MgMn y Si 2 0 8 














0.1 


0.052 


0.100 


0052 


1.905 


24 


M ' 3 _ a Eu a Mg, _ b Mn b Si c O B 


Ba 


0.075 


0.042 


0 075 


0039 


1 905 












25 


M'a.aEuaMg^bMribSicOa 




0.05 


0.031 


0075 


0039 


1.905 












26 


Ba 3 _ x _ y Eu x MgMn y Si 2 0 8 














0.075 


0.042 


0.075 


0039 


1.905 


27 


Ba 3x _ y Eu x MgMn y Si z O a 














0.05 


0.031 


0.075 


0.039 


1905 



[0088] DiH] 



No. 


Ba 3 MgSi 2 0 3 

a>tf— 2tb 


Ba 2 MgSi 2 0 7 
©tf— £Jt 


BaMgSi0 4 


Ba 2 Si0 4 
©tf— £tb 


fib* 
% 


20 


0.9443 


0.0191 


0.0366 




33.9 


21 


0.9277 


0.0228 


0.0494 




34.8 


22 


0.9446 




0.0554 




34.8 


23 


0.9145 




0.0855 




35.5 


24 


0.9720 




0.0280 




32.6 


25 


0.9812 




0.0188 




30.7 


26 


0.9636 


0.0113 


0,0251 




32 


27 


0.9576 


0.0208 


0.0216 




30.4 



[0089] ^fhb<^m3, &$&miZ.frfrZ>W&~?fe> Ba MgSi O Ba SiO 

2 2 7 2 4 

, BaMgSiO ^E^^trHbWPfftlJ^^S/cfe, ^fe^^^^^fe^^WftilJ^^. 

4 

^^j^^Si^<^5rt^JSo D/(A+B + C + D);&S0. 04—0. 26<Dg£fflf*| 

mmm 3 

[0090] M 1 Eu Mg Mn Si O (D1&M£:\Z.$3\, * a, b, c*S^5l^"f -fig^>feS«t5^ 

3 — a a 1 — b b c 8 
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No. 4GDfWTO, M^LTBa^Sr^rfflV^Co ^^fltt (Ba, Sr) MgSi O 

3 " 2 8 

i?2fgtt(Ba, Sr)MgSiO T?fc5 0 

4 

[009 1] i^m w (sem) ^jt ( i ooofs) 2 

o &$&W<D$mfo<DU1&X*te, ^2ffi<DM 1 MgSiO ^fH^TOM 1 MgSi O S^tH 

4 3 2 8 

[0093] mmmyt^(Dxm\mifTW\m-i±mtmm^L-xn^fc 0 

[0094] rcoM^^^ M 1 MgSi O M(D2 0 =31. 5° —32° #ifi-C^0i$^5t o — ^ 

3 " 2 8 

<DXj§ft[e]^3^£A£U M 1 MgSi O %£M*<D2 6 = 27. 7° —28. 2° ~e<Dt°— ^ 

2 " 2 7 

(DX^IU^M^rB^b, M 1 SiO ^(7)2 9 =29. 2° —29. 8° T?<D¥^?<DX 

2 4 

#&III^3$ffi£:C£U M'MgSiO #ptH<7)2 9 =28. 0° —28. 4° ^<OX#ft 

4 

IU#f3&g3:D£Lfc££, b/(a+b+c+dK c/(a+b+c+dK d/(a+b 

m^Mh^~^m^{pLM^iM^m\^xm^n^ 0 

[0095] ;fcl£K^4£ISrt^fWTO, ^SWiuiiiiOBa MgSi O %5M}tM2ffi(DBa 

3 2 8 

MgSiO ffiMifahfcV, M 1 MgSi O ^[H, M 1 SiO |£||{3|ISf I^i3-#&LT&^ 

4 2 2 7 2 4 

[0096] f«^tf-^£Jttt;D/(A+B + C + D)<^ #fe(DST-^J^(DM^^rl2|5^ 

-To 
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[0098] 



[0099] 



[0100] 



No. 




M 1 




a/e 


b 


b/c 








1 


h i I I — i j Li ■ 

M 3-a E u a MgT^Mn b Si c Oa 


Ba 


a I— 

0.075 


0.039 


0.075 


0.039 


1.905 


1 150 


1250 


2 


A J ' 1 — K.J L 1 f"s ■ 

M 3- a Eu a Mg^ b Mn b Si r P a 


Ba 


0.225 


0.1 18 


0.075 


0.039 


1.905 


1 150 


1250 


S 


M 3 _ a Eu a Mg 1 _ b Mn b Si c 0 8 


Ba 


0.264 


0.139 


0.075 


0.039 


1.905 


1150 


1250 




M 3 a Eu a Mg 1 _ b Mn h Si t O s 


f q -c ^ 


0,2 


0.105 


0.100 


0.052 


1 905 


1150 


1250 


5 


M 3 _ a Eu a Mg,_ b Mn b Si r p 8 


Ba 


0.2 


0.105 


0.132 


0.069 


1,905 


1 150 


1250 


6 


■ J I J— ft M ft j f*"^ - j^-S. 

M 3 _ a Eu a Mg,- b Mn b Si c O a 


Ba 


0.075 


0.039 


0.075 


0.039 


1.905 


900 


1150 


7 


K J ^ p., Ik ji „ ft j q: 

M 3 .. a bu a Mg 1 _ b Mn b bi c O a 


i_> _ 




nine 
U. 1 uc 


U.U tD 




1 .905 


cr r\ 

950 


1 1 50 


8 


M 1 3 _ a Eu a ME,_ b Mn h Si c O B 


Ba 


0.2 


0.105 


0.075 


0.039 


1.905 


950 


1200 


9 


MV a Eu a Mg,_ b Mn b Si r p B 


Ba 


0.2 


0.105 


0075 


0.039 


1.905 


950 


1250 


10 


MV a Eu a Mg,_ b Mn b Si c 0 8 


Ba 


0.2 


0.105 


0.075 


0.039 


1.905 


1050 


1200 


1 1 


M^^E^Mg^bMnbS^Og 


Ba 


0.2 


0.105 


0.075 


0.039 


1.905 


1150 


1200 


12 


MV a Eu a Mg,Vdn h Si r O R 


Ba 


0.2 


0.105 


0,075 


0.039 


1.905 


1250 


1250 


| *13 


M^^EUaMg^bMribSi^a 


Ba 


0.2 


0.105 


0.075 


0.039 


1.905 


1250 


1300 



[0097] me] 



1**4 

No. 


Ba 3 MgSi 2 0 8 
(Dtl— $tt 


Ba 2 MgSi 2 0 7 


BaMgSi0 4 
<D\1— Ott 


Ba 2 Si0 4 


% 


1 


0.949 




0.051 




34.20 


2 


0.944 




0.056 




36.10 


3 


0.941 




0.059 




32.50 


4 


0.920 




0.080 




34.60 


5 


0.896 




0.104 




35.60 


6 


1 






. 


33.40 


7 


0.960 




0.040 




34.20 


8 


0.918 




0.082 




36.50 


9 


0.862 




0.138 




37.60 


10 


0.827 




0.173 




38.00 


11 


0.750 




0.250 




36.50 


12 


0.740 




0.260 




34.70 


*13 


0.695 




0.305 




24.70 



6*5^1115^, ^mm<Dmm^&&i&ytifc-en, d/(a+b+c+d) 

#30. 4~0. 26"efc'9, BaMgSiO ISfH^tDJ^/^— fc^&?J}^£< 5*F 

4 

^f$(|^|4No. 13) tt, BaMgSiO ^^©tffffll^l't^cfe, 

4 

^g^^fi, Ba MgSi O ^ifgfuT-^BaMgSiO ^^T-^SW^H^-TS 

3 ~ 2 8 4 

m&t, Ba MgSi O ^tUfeT-^ (-BaMgSiO ^^T-^^-r^-^fD:!:^ 

3 2 8 4 
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[0101] ^f£t>^ Ba MgSi O ^Ji^^i^LTBaMgSiO %g &ffi3Z&W$X\^ 2S^b 

3 2 8 4 

ST^W^c^ 06(D^^7^L7c o ^(Dg]6J;^ Ba MgSi O M B 0 0 t*C 

3 2 8 

M-f"5BaMgSiO 1&Mffi*<vW3x\M&&<tefrf£teZ>&¥* m^iftWi&T LTV ^ 

4 

^ N rtLi^<t!9, Ba MgSi O ^ H ^uT^-BaMgSiO M^*uW#i4^5r<H^ 

3 2 8 4 

[0102] [Hi]^^f*^fe v *x|g[i]tif^T?iy^b^is^:^-r^^-cfe5 0 

[H12JM 1 MgSi O M^ftiT-^i-M'MgSiO ^^uT-^^^ffilt^-TSEM 

3 2 8 4 

[03]|S^Sg(D#5tSr^-t-|itl&»fffi|2|-CfcS o 

[1^5]^— ^3&gJtD/(A+B + C + D)^ *fe©t^i$^©l#^t^77t 
[H6]Ba MgSi O ^fMci^LTBaMgSiO ^^^T^tD^Pft^iP^iirTV^ 

3 2 8 4 

[0103] li 

13- -MU 

15- -mm 
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m^mm 

[1] M 1 (M'fiBa, i;7cf3:Ba£Sr, $?5V MiBa^Ca) „ Eu v Mg, Mn&^tFSi^ift^Sc 

^LT-a^PrU ftuteSi l^/W-^^5fijfBEucD^7Wt^0. 14J^T\ fufSSi 1 
^/W^^SfufEMn^^/Wt^O. 07^T"CfcSi^^, ^^H B B^Eu£5j:tJ«Mn 
^ftSM 1 MgSi O 3jg^-Cfc>9 x flCM 1 MgSi O ^ H e»2 0 =31. 5° ~33° 

3 2 8 3 2 8 

~Cfj£ffi^5fc°— ^<DX^HIJff3fiS«rA^L, M 1 MgSi O 5fe£tH<D2 0 =27. 7° ~ 

2 2 7 

29. 2° -CtfctftefrLSlf— ^<DX$|[I]#T^^£rB£U M 1 SiO %£Mi<D2 6 =29. 2 

2 4 

° -30. 8° T*^tU£*L5fc p — ?(DXm^}$fffiM&CkU M'MgSiO jS£,S<£>2 0 = 

4 

28.0° -29.4° -C^m$tL5t°-^(DX|S[n]Jlf^^D^L/c^^, B/(A + B + 
C + D)^0. 1£XT, C/(A+B + C + D)^0. 1J^T\ D/(A+B + C + D)^0. 2 

[2] D/(A+B + C + D)^ 0 . 04J^Ji^5r^^#m^5l#^rllfBt!6^^:{* o 

[3] M 1 Eu Mg Mn Si O COft^l-Hj^c ({& U a{i0<a^0. 264, bfiCXb^O. 

3 — a a 1— b b c 8 

132,c«:l. 905^c^2. 025^rSJE-r5ffi-Cfe6)^rWi~6ri^r^^ii-5W^: 
rl 1 ^/c «2fSic^m ^f* 0 
[4] fufEM 1 MgSi O /g^^^-cp^M'MgSiO ^^L^^^rt^h^Witir^> 

3 2 8 " 4 

[5] M 1 Eu Mg Mn Si O (Dfb^Mc (fS-U afi0<a^0. 264, bfiCXb^O. 

3 — a a 1— b b c 8 

132, cm. 905^c^2. 025&ffi&1-£i$X*&&)&^1-&mWffi^&.M7U^m 

[8] m^m7tm<Dmytmm^mmmLx^-t^wmt'r^mmmmo 
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